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PREFACE

This re;?;rt presents the results of the LEM Utilization Study (Contract NAS 9-3681) con-
ducted by the Grumman Aircraft Engineering Corporation for the National Aeronautics and
Space Administration, Manned Spacecraft Center. The following six volumes comprise the

total report:

Volume I - Summary

Volume II - LEM Lab

Volume III - LEM Shelter
Volume IV - LEM Taxi
Volume V - LEM Truck
Volume VI - Schedule Analysis

Appendix to Volume VI - Cost Analysis

Volumes 2 through 5 are independent of each other. Data and analyses applicable to more

than one mission are included in the appropriate volumes’
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1 INTRODUCTION

1.1 GENERAL

This volume contains the schedule data generated in accordance with the requirements of
the LEM Utilization Study Contract NAS-9-3681. The cost data are included in Appendix A
to Volume VI. In addition, subsystem and system design and development data, a prelaunch
checkout analysis, a preliminary manufacturing plan, and a preliminary support analysis
have been included. The budgetary estimated cost and schedules presented herein are for

planning purposes only.

Two configurations each of the Lab and Taxi, three configurations of the Shelter, and one
configuration of the Truck were studied at the subsystem and system level, and are reported
on herin. A general description of each configuration is presented in Section 3, detailed

discussions of the configurations are contained in Volumes 2, 3, 4 and 5 of this report.
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1.2 ASSUMPTIONS
Cost/schedule data are based on the following guidelines, assumptions and conditions.

e No interference with the Apollo Program

e AE 65-1 launch schedule for flight hardware scheduling except Truck
e First Truck mission in 1972

e Go ahead for hardware acquisition 7/66

e Availability of LEM test articles is based on the proposed LEM Program Schedule
No. 37 of 6-4-65.

e Fabrication and assembly of additional test articles for the various programs are
phased into the LEM Program where openings now exist.

e A thorough preliminary design and some development testing of radiators is per-
formed prior to the AES Program. Costs of this D & D effort are not included.

e Requalification of LEM subsystem hardware used on the AES configurations (without

modifications) is not required for the launch and ambient environment. Tests for
life endurance are conducted.

e The cryogenic storage and feed system and the power generation section used on the
CSM does not require subassembly requalification for integration into the LEM Lab.

e Three each Lab, Shelter, Taxi and Truck flights.
e Installation of experiment hardware and payloads occurs at Grumman.

e Development spares, DMSM (Development Support Material) for support of fabrica-
tion/testing of production articles until acceptance, are included in the amount of
two (2) sets of unique articles.

e Operational spares for support of production articles after acceptance are included
in the amount of three (3) sets of unique articles-one (1) each for E.T.R.,
Grumman, and Subcontractor.

e All major test facilities are available.




2 SUBSYSTEM DEVELOPMENT

2.1 INTRODUCTION

The utilization of the LEM and its subsystems for extended missions on the lunar surface,
and in lunar and earth orbit requires additions, deletions and modifications to the LEM sub-
systems for the specific missions. The LEM subsystems retained intact require additional
tests to demonstrate performance for the mission profiles. The present scope, intensity
and duration of the LEM test programs are designed to verify performance for the lunar
landing mission profile. In each of the AES missions studied, the dynamic environmental
envelope and the type of environmental stresses are not significantly different from the LEM
environmental design criteria. The primary difference is the mission duration. Active
life and quiescent storage time contribute to the test duration requirements for the retained

subsystem hardware.

The following paragraphs summarize the significant modifications and development factors
that are imposed upon each subsystem as a function of the mission configuration. Where

modifications are not incurred, the mission configuration is not discussed. Tables 2.1-1
through 2,1-8 provide a further description to highlight the differences, at the subsystem

level, between the representative configurations used for this cost and schedule analysis.
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2.2 STRUCTURE SUBSYSTEM

The L.O. Laboratory, the Shelter and the Taxi all need additional micrometeoroid shielding
because of the greater probability of damage during the longer missions. In addition, the
thermal-micrometeoroid shielding is modified to provide penetrations for experiment sup-
port and for the viewfinder in both Lab configurations. The ascent and descent engine base
heat shields are modified where these propulsion subsystems are deleted in the Lab or
Shelter. Other changes in secondary structure are the addition of structural supports for
the ECS radiator and FCA's for Labs 1 and 2 and Shelters 2 and 3, the addition of supports
for various experiment configurations, and the complete relocation of subsystems and RCS
in the Truck (descent stage). All modifications to secondary structure are verified by sys-

tem level static and dynamic tests.

Modifications to primary structure include the addition of a viewfinder port to the crew com-
partment of both Lab configurations and the design of a completely new low profile descent
stage for Lab 2. Where primary structure is modified or redesigned, developmental static
and dynamic tests are performed on structural elements or subassemblies. Static and
dynamic verification tests are also performed at the system level on the complete vehicle.
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2,3 N& G AND S & C SUBSYSTEMS

Development tests are required of components of the guidance and control system for the
Truck and Shelter. The automatic tracker assembly (ATA) qualification* consists of
determining the ability of the ATA to acquire and track specific stars or their simulated

equivalents under various environmental ambient and dynamic conditions.

Modifications to the LEM Guidance Computer (LGC) program require verification tests con-
sisting of the determination of command signal outputs for orbital parameter and attitude
inputs, and complete mission profile exercises. Upon completion of development of all
modified units of the G & N and S & C subsystems, flight control system integration testing

is required.

The demonstrafion tests required for the G & N and S & C equipment on the Taxi, consist

of operation verification after 14-days quiescent storage at the estimated environmental
conditions expected during the lunar stay. Both night and day mission extremes are con-
sidered. Where data exist for equipment already developed it would be used in lieu of actual

testing.

*May be accomplished on the LEM program.
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2.4 CREW PROVISIONS SUBSYSTEM

Crew provisions in the Lab and Shelter involve consideration of packaging equipment and con-
sumables based on extended mission requirements, as well as providing adequate facilities

for two men to perform useful work during these periods.

Qualification testing is therefore required to verify the adequacy of containers to withstand

extended storage requirements as well as to authenticate the developed storage concepts.

Structural testing is necessary to qualify those additions which are not common to the LEM,
including beds, seats and restraint devices, work tops, and display panel modifications.

In addition, the verification of the adequacy of the interior arrangement based on human
engineering principles and practices must be considered. This testing should involve
simulation of all work tasks to insure that system operation is not degraded by the chosen

equipment arrangement.
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2.5 ENVIRONMENTAL CONTROL SUBSYSTEM

The necessity for additional design and development in support of the Lab configurations is
primarily limited to the thermal control section of the ECS. The cabin circulation fan and
the coolant circulation pump require modification for both Lab configurations. Radiators
are added to the coolant loop and the water management system is replaced with the system
designed for the CSM. Requalification of the modified components and life extension tests
of the components retained are required to demonstrate satisfactory performance. The
integration of the system and final verification of thermal control capabilities must be com-

pleted in the system tests.

Redesign of the coolant distribution network is required for Shelters 2 and 3, because of
the integration of radiator assemblies, fuel cell assemblies, and the deletion or addition of
cold plates into the thermal control section of the LEM ECS. Development and qualification

tests on both a component and subsystem level are required.

The addition of tankage to contain additional ECS water and oxygen for Shelter configuration
1 necessitates subsystem level testing to verify manifold designs and delivery equipment

modifications.

pment and gualification of new ECS hardware are limited to
the thermal control and water management section for both Taxi configurations. Heating
elements and associated controls must be designed and integrated into descent stage water
tank assemblies. Operating life extension testing is required primarily for dynamic ECS
components (i.e., coolant pump assemblies, water sublimators, and temperature and flow
control valves) where operating time has been increased over present requirements. In
addition, a non-operating standby capability must be demonstrated for all life support sub-
system components in the projected thermal vacuum environment during quiescent storage.
The utilization of the waste heat and integration of the RTG into the Taxi are best demon-

strated at the system level. The RTG unit can be simulated electrically and thermally.

Subsystem level operational tests to demonstrate the performance of the reconfigured

thermal control loop are required for the Truck.
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2.6 INSTRUMENTATION SUBSYSTEM

The modifications required for the Lab and Shelter are primarily the removal of sensors and
signal conditioners associated with deleted subsystems, and replacement of the LEM tape
recorder with the CSM data storage equipment. Integration of the CSM tape recorder into
the subsystem and the demonstration of performance are accomplished at the subsystem

level.

The mission programmer utilized on LEM development flights is incorporated in the Shelter
to meet the unmanned landing requirements and provides a remote activation and checkout
capability. System tests in an ESI test article are required to demonstrate satisfactory

performance.

The Taxi configurations require rewiring of sensors and signal conditioners to allow pro-
gramming of power to those required during the storage phase. Verification of this modi-

fication is accomplished on the system test article.

A mission programmer, similar to that required for the Shelter, is added to the Truck to
accomplish the unmanned mission. Integration and tests of the programmer are performed

at the system level.

Extended mission duration operational and storage period demonstrations are conducted on
all appropriate subsystem hardware. The tests are conducted in the operational condition

of the item and in the simulated environment.
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2.7 ELECTRIC POWER SUBSYSTEM

Integration will be required for the fuel cell power generator section into the Lab configura-
tions and Shelter configurations 2 and 3. The extended life fuel cells require qualification
for the power profiles expected on each mission. For the Shelter, an automatic startup
controller is required and must be tested with the FCA, Quiescent storage of 45 and 90
days for Shelters 2 and 3, respectively, under simulated lunar ambient conditions, must be
verified for both the FCA, the startup controller, and reactant storage tanks.

The RTG's integrated in Shelter configurations 2 and 3 and Taxi configuration 5 will have an
output voltage that is too low to charge the descent battery. Either the DC-to-DC converter
that is part of the RTG must be redesigned or a second DC-to-DC converter is required to
raise the RTG output voltage. A control and distribution system is required to control and
regulate battery charge. System performance tests are required to demonstrate satisfactory
operation under the critical electrical mission profile.

The distribution system for the Truck is simplified by the removal of a large amount of LEM
equipment, System breadboard configuration performance tests are required with tests
simulating the nominal and critical design mission.
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2.8 PROPULSION SUBSYSTEM

The Shelter, Taxi, and Truck configurations have vent valves added to the descent propulsion
system. These are squib valves gimilar to the helium initiating valve with the possible ex-
ception of the port size. The test requirements are the same as those outlined for the RCS

vent valves.

Lab configuration 1 requires an improved supercritical helium storage tank for the extended
mission duration. System integration tests to demonstrate storage capability and subsequent

operation and performance are required.

Lab configuration 1 also requires component testing to demonstrate the capabilities of the
components to withstand prolonged exposure to pressure, propellant and/or propellant

vapors and space environment. All components must undergo extended testing which is
commensurate with the extended mission duration. The quad check valves, vent couplings
and relief valves in the pressurization subsystem, and the fill coupling in the propellant feed
subsystem must be tested to determine the significance of seal leakage and cold flow of teflon
seats. The descent engine flow control and isolation valves and valve actuators must undergo
extended testing. The solenoid valve actuators must be tested under prolonged exposure to

vacuum to evaluate the sublimation of potting compounds and coil wire insulation.

The ascent propulsion system is included on the Taxi configuration. The only expected test
requirement is extended life to meet the requirements of the extended mission of the Taxi
configurations. Component testing, commensurate with the Taxi mission duration, similar
to that outlined for the Lab descent engine is required. Equivalent ascent system components

must be tested.

peu—"
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2.9 REACTION CONTROL SUBSYSTEM

The Shelter and Truck configurations have vent valves added to the RCS. These are squib
valves similar to the helium initiating valves with the possible exception of port size.
Component testing is required to verify the integrity and material compatibility of the valves.

System integration tests including demonstration of thermal control capability are required.

The Shelter and Truck configurations utilize a single set of helium and propellant tanks.
System integration tests are required to demonstrate and verify the Truck subsystem
as the propellant lines have been reconfigured. LEM tests demonstrating the capa-
bility of the RCS to operate with either the A or B propellant supply is applicable to the

Shelter configuration.

The Taxi and Shelter configurations have insulation covers for the RCS clusters. Component
tests are required to demonstrate the capability of the Taxi's insulation cover deployment
and retraction mechanism. These tests will be applicable to the Shelter as the cover design
is the same although the mechanism requirement is less stringent, because the covers for
the Shelter are deployed but not retracted. A system test of either vehicle is required

to demonstrate the capability of the insulation covers to provide the required thermal control.

Taxi configurations 2 and 5 require component tests to demonstréte the capabilities of the
components to withstand prolonged exposure to pressure, propellant and/or propellant vapors,
and space environment. All components must undergo extended testing which is commensu-
rate with the extended mission duration. The thrust chamber valves, and the ascent inter-
connect, crossfeed and isolation valves must be tested to evaluate the significance of sub-
limation of potting compounds and coil wire insulation in prolonged exposure to vacuum and

to evaluate the significance of valve seat cold flow resulting from propellant pressure.
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2.10 COMMUNICATION SUBSYSTEM

Extended life capability in both the operating and storage modes must be verified for the Taxi
and Shelter configurations. A command decoder is required for the Taxi, Shelter and pos-
sibly for the Truck for the unmanned status transfer command function. This item requires

development and integration with the receivers, and reliability and system testing.

The development of a new wideband receiver is required for the Shelter assuming a video
transfer requirement exists from the scientific payload (i.e. mobility aid) to the Shelter.

It must be compatible electrically with the transmitter (part of the experiment) and with the
Shelter signal processor and must be integrated physically into the Shelter. An automatic
switching capability is required to provide for switching between the S-band omnidirectional
and steerable antennas for the command and transmit functions, respectively, during the
unmanned Taxi and Shelter checkout periods. A manual capability presently exists in the
LEM which must be modified to automatic based on programmer commands (with fail safe
on the omnidirectional position). Also, for wideband status data transfer inflight (after
occultation), the unmanned Shelter and Truck require information from the N & G computer
to position the steerable antenna for signal acquisition and lock-on. The interface wherein
the data is made available and fed into the antenna servo system, with automatic means for
disabling when lock-on occurs, must be analyzed and the equipment modified to perform this

function. Simulation tests are required to evaluate the modification.
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2.11 CONTROLS & DISPLAYS

Control and display arrangements for the Lab and Shelter require the removal of those LEM
subsystem controls and displays which are not pertinent to mission requirements. A major
consideration is the incorporation of required controls and displays with minimum modifi-
cation to existing LEM console layouts. Based on this concept, the only modifications re-
quired for the Shelter are the realignment of the front control panels to a vertical position
while maintaining the same console shape. Additionally, in the Lab, the right side consoles
require modification to provide sufficient space for Lunar Survey Equipment controls and

displays. Structural pickup points as they exist in the LEM are retained.

In development of the design and arrangement of the control and displays subsystem adequate
emphasis should be placed on the employment of human engineering principles and practices
to insure that the system can be operated adequately under all anticipated conditions, The
test requirements must, therefore, reflect and verify the incorporation of the human factors'

principles.

All controls and displays incorporated are to be qualified based on the extended requirements
placed on them. As such, qualification testing of indicator lights, gauges, toggle switches,
rotary switches, flag indicators etc., should be performed under all feasible conditions of
usage and storage. Simulation of startup of displays and controls after shutdown periods
consistent with mission timelines for the Shelter and Taxi is required in the qualification

testing, as well as increased cycling of indicators and controls employed in the Lab. Test-

ing of this type should be conducted on a programmed basis to simulate all possible variations

of mission time lines based on contingency or emergency situation.
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Mission Profile

TABLE 2.1-1

LUNAR ORBIT LABORATORY

CONFIGURATION 1

e Apollo mission to lunar orbit insertion

o Polar orbit insertion

e Approximately 28 day lunar polar orbit flight

e Descent propulsion for abort

Subsystem Modifications Test Requirements
Struct Add micrometeoroid protection Demonstrate adequacy of standoff
Add support struct. for exper Demonstrate support structure
and FCA subass'y integrity.
e Add support structure for Demonstrate viewfinder port
radiator struct. integrity, leakage
e Add viewfinder port.
S&C e Delete except DECA Verify extended storage life and
subseq. operation
N&G e Delete
Crew Prov, e Add LiOH & food (GFE) Verify adequacy of extended stor-
e Add work stations age apd subseq. utilization of LiOH
containers
Verify interior arrangement
(human factors)
ECS e Add Oy storage Verify extended operating life
e Provide additional cold plates Des., dev and qual. radiator
e Modify cabin circulator assembly Demonstrate integration add'l
e Substitute CSM water manage- ﬁ:ﬁ ﬂ:;es :;dlgzdlators mn
ment system. SP P
e Provide radiator Integrate CSM water manage-
ment system into subsystem
Ldg. Gr. e Delete




Subsystem

TABLE 2. 1-1 (cont)

Modifications

2-13

Test Requirements

Instr.

Delete sensors and SCU not re-
quired

Integrate experiment data output with
PCMTE (replace tape recorder with
modified Gemini recorder)

Verify extended operating life
remaining subassy's

Demonstrate data management
integration

EPS

Replace batteries with CSM FCA's
and cryogenics (Apollo X)

Add CSM inverters

Verify extended operating life
of distribution system

Integrate generation sys, with
distribution sys.

Propul.

Delete Ascent subassy's

Modify supercritical helium
tank (vented, vapor shield tank)

Modify propellant tank supports

Verify extended storage capabil-
ity descent propellants and sub-
sequent operation,

Dev. & qual. of new tank design

RCS

Delete

Comm.

Delete system except for
CM/LEM intercomm

Verify extended operating life of
intercomm

Controls &
Displays

Delete controls and displays of
subsystems removed

Provide display panel for exper.

Verify extended operating life of
remaining gauges and switches

Qualify panel for experiments

Verify arrangement of C & D
(human factors)
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Mission Profile

TABLE 2.1-2

LUNAR ORBIT LABORATORY

CONFIGURATION 2

e Apollo mission to lunar orbit insertion

e Polar orbit insertion

e Approximately 28 day lunar polar orbit flight

Subsystem Modifications Test Requirements
Struct. e Replace descent stage with low e Des., dev., & qual. low profile
profile structure descent stage.
e Add micrometeoroid protection o Demonstrate adequacy of stand-
e Add supp't struct. for exper. and offs
FCA subass'y e Demonstrate support structure
e Add support structure for radiator integrity
. ¢ Demonstrate viewfinder port
® Add viewfinder port. struct. integrity and leakage
S&C e Add horiz. sensor for attitude e Verify intermittent long duration
reference. operational cycles.
e Modify AEA and ASA e Integrate horiz. sensors into
subsys.
e Qual horiz, sensors
e Verify modified AEA and ASA
operations
Crew Prov.,
ECS, EPS, S fig. 1 .
Instr., Comm., e Same as conlig. e Same as config, 1
Cont. & Disp.
N & G, RCS,
Ldg. Gear, e Delete

Propul.




Mission Profile

TABLE 2.1-3
SHELTER

CONFIGURATION 1

e Apollo mission to separation in lunar orbit

e Automatic unmanned landing

e Three days semi-active operation

e Approximately 12-1/2 days active utilization

Subsystem

Modifications

2-15

Test Requirements

Structure

o Add micrometeoroid protection

e Add support struct. for payload,
subsys & exper.

¢ Add insulation

e Demonstrate adequacy of standoffs

e Demonstrate support structure
integrity

e Verify thermal control in system
tests

S&C

e Delete abort guidance sys.

e Verify electronic sys. integrity

G&N

e Replace AOT with star tracker*
e Add star catalog data to LGC*
e Delete R.R.

e Des, dev. & qual. aiilo. star
tracker*

e Verify electronic sys. integ.

e Verify computer programming

Crew
Provisions

e Add LiOH & food (GFE): provides
sleeping facilities & experiment
work areas.

e Provide increased hygiene facilities

e Add spare space suits & back
packs

e Provide exercise facilities

e Verify adequacy of containers to
withstand extended exposure.

e Demonstrate integrity of addi-
tional components

e Verify extended operating life of
waste management equipment

ECS

e Add GOX and water tanks

e Provide additional cold plates for
batteries

e Modify coolant circulation pumps
and distr. sys.

e Verify extended operating life

e Demonstrate integration of addi-
tional components into system

e Requalify circulation pump and
coolant distribution system

e No change

* May be accomp

lished on the LEM program,
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TABLE 2.1-3 (cont)
Subsystem Modifications Test Requirements
Instrumentation | @ Delete ascent monitor functions e Verify extended operating life
e Provide capability to accept e Demonstrate electronic sys.
scientific data; add programmer integration
and CSM tape recorder
EPS e Add batteries e Demonstrate integration of addi
tional batteries
e Verify extended operating life
Propul. e Provide vent for descent tanks e Verify integrity of vent subassy .
e Delete ascent propulsion e Verify vent integration into sys-
tem
RCS e Provide vent for tanks e Verify integrity vent subass'y
o Delete one pressurization and e Verify system integrity
propellant storage module e Verify capability of insulation
o Provide insulation covers for covers to provide required
clusters thermal control.
e Verify integrity of cover deploy-
ment mechanisms
Comm e Add wide band receiver for e Qual. new receiver
EVA TV . . .
e Verify extended operating life
e Demonstrate integration of re-
ceiver into sys.
Controls & e Delete att & trans. controller e Verify extended operating life
Displays and descent status & display of gauges and switches remaining

panels.




TABLE 2.1-4
SHELTER

CONFIGURATION 2

Mission Profile
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e Apollo mission to separation in lunar orbit
e Automatic unmanned landing
e Up to 45 days quiescent storage on lunar surface
e Remote activation and checkout
e Approximately 14 days active utilization
Subsystem Modifications Test Requirements
Struct. ® Add micrometeoroid protection ° Diczmonstrate support struct integ-
rity
e Add support structure subassy's
for exper & subsys. mods . gi‘rlrll&rllls}tgate adequacy of standoff
e Add insulation e Verify material stability for pro-
longed lunar surface environment
S&C
and e Same as config. 1 e Same as config. 1
N&G
Crew e Add LiOH and food (GFE) e Verify extended storage capability
Provis. : . . - under vary‘ng ambient environ-
¢ VI; ;’g;lgiesalseepmg facil., & exper. ment up to.45 days, & subseq.
operation for extended duration.
e Provide hygiene facilities e Qualify additional subass'y
e Add space suits and back packs
ECS e Add radiator ® Des., dev & qual a radiator
e Substitute water management with o Integrate radiator into heat trans-
item from CSM port loop & water management
system
o Verify extended storage capability
under varying ambient environ-
ment up to 45 days & subseq.
operation for extended duration,
Landing Gear e No change
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TABLE 2. 1-4 (cont)

Subsystem Modifications Test Requirements
Instr, e Same as config. 1 and add remote e Same as config. 1
activation and on board check e Des.,dev. & qual activation and
system
checkout subass'y.
EPS e Delete all but one ascent battery e Demonstrate storage and remote
o Add restartable FCA's and cryo- startup of FCA's
genics e Demonstrate crvogenic storage
o Add RTG subass'y up to 45 days lunar surface en-
vironment
o Integrate RTG into distribution
system
e Verify subsystem cxtended stor-
age & subseq. operation for ex-
tended duration.
Propul &RCS e Same as config. 1 o Same as 1
Comm, e Same as config. 1 e Qual. new receiver
e Verify subsys. extended stor. &
subseq. operation for extended
duration
C&D e Same as config. 1 e Verify extended storage & opera-

tion




TABLE 2.1-5
SHELTER

CONFIGURATION 3

Mission Profile
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e Apollo mission to separation on lunar surface
e Automatic unmanned landing
e Up to 90 days quiescent storage on lunar surface
e Remote activation and checkout
e Approximately 14 days active utilization
Subsystem Modifications Test Requirements
Struct. e Same as conflg. 2 Same as config. 2
S&C
and ¢ Same as config. 2 Same as config. 2
N&G
Crew e Same as config. 2 Same as config. 2
Prov.
ECS e Add Radiator Des.,dev & qual a radiator
o Integrate Gemini fuel cell e Integrate radiator into heat
H20 management equip. transport loop & Hzo manage-
ment system.
Verify extended storage
capability under varying
ambient environment up to
90 days & subseq. operation
for extended duration
Landing e No change
Gear
Instr. e Same as config. 2 Same as config. 2
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TABLE 2,1-5 (cont)

Subsystem Modifications Test Requirements
EPS Delete all but one ascent Demonstrate storage & remote
battery startup of FCA's,
Add restartable Gemini FCA's Qual. ambient reactant tanks
Add RTG subass'y. Integrate RTG into distribution
Design & integrate ambient system.
reactant tanks. Verify subsystem extended
storage & subseq. operation
for extended duration.
Propul Same as config. 2 Same as config. 2
& RCS
Comm. Same as config. 2 Same as config. 2
C&D Same as config. 2 Same as config. 2
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TABLE 2,1-6
TAXI
CONFIGURATION 2

Mission Profile

e Apollo mission to lunar touchdown

e Approximately 14-day quiescent storage day and 7-day quiescent storage night

e Apollo ascent and rendezvous

Subsystem

Modification

Test Requirements

Structure

e Add insulation around water tanks
and batteries

e Add top hatch thermal shield
o Add window shades

e Provide increased micrometeoroid
protection

e Modify battery support structure

e Static and dynamic qualification
additional structural elements

e Static and dynamic tests of
thermal shield standoffs

o Thermal vacuum test of thermal
shields and window shades

Landing Gear

e No change

ECS

e Add IMU, ASA coolant bypass

e Qualify modification components

o Endurance test of subsystem for
operation during storage

e Integration tests of coolant sub-
assembly modifications

EPS

e Provide provisions for varying
battery quantity from 4 to 7

e Endurance and cycle tests of
components

e System integration bench tests to
demonstrate variable power gen-
eration configuration

Comm.

o No change

e Qualify components in S-band sec-
tion for endurance and cyclic
operation

e Extended storage and operation
tests of other sections

Instr.

e Add automatic switches for peri-
odic status monitoring and real
time communications

e Add sequencer to activate elements

e Qualify sequencer and switches

e Integrate components into sub-
system
¢ Demonstrate 14 day intermittent

ogeration to critical mission pro-
file,
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TABLE 2,1-6 (cont)
Subsystem Modification Test Requirements
RCS e Provide thruster covers e Thermal vacuum tests of covers
¢ Deployment and retraction tests
® Demonstrate subsystem operation
subsequent to 14 day storage under
pressure
Propulsion e Add vent valve to descent system Qualify (dynamic ambient environ-
ment) vent valve
Demonstrate operation and inte- .
gration of valve into subsystem
Demonstrate storage & perform-
ance of ascent subsystem in
ambient environment
Crew e Remove LiOH canisters, food and
Provisions spare backpack batteries
Controls e No change Demonstrate subsystem perform-
ance subsequent to 14 day quies-
Displays cent storage in the simulated en-
vironment
N&G e Software change to LGC for ren- Verify software mods in flight
dezvous radar to surface beacon control integration laboratory
for descent control.
Demonstrate subsystem perform-
ance after 14 day storage in the
simulated environment
S&C e No change Demonstrate subsystem perform-

ance after 14 day storage in the
simulated environment
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Mission Profile

TABLE 2,1-7
TAXI

CONFIGURATION 5

e Apollo mission to lunar touchdown
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e Approximately 14 day quiescent storage day and/or night

e Apollo ascent and rendezvous

Subsystem

Modifications

Test Requirements

Structure

@ Add insulation around water tanks
and batteries

e Add top hatch thermal shield
o Add window shades

e Provide increased micrometeoroid
protection

e Provide RTG & Heat Pipe support
structure

e Static and dynamic qualification
additional structural elements

e Static and dynamic tests of thermal
shield standoffs

o Thermal vacuum tests of thermal
shields and window shades

Landing Gear

e No change

ECS

e Add IMU and ASA coolant loop by
pass

o Integrate Heat Pipe into cabin
thermal control system

e Qualification of modifications
components

e Endurance test of subsystem for
operation during storage

e Integration of heat pipe into thermal
control system in system T/V
tests

e Qualification of heat pipe compo-
nents

e Integration tests of coolant sub-
assembly modifications in subsys-
tem performance tests.

EPS

e Add RTG subassembly

e Modify electrical distribution
system to permit RTG to charge
descent battery

o Remove batteries

e Qualification RTG subassembly

e System integration tests to demon-
strate performance and recharg-
ing capacity

e Subsystem endurance tests
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Subsystem

TABLE 2,1-7 (cont)

Modifications

Test Requirements

Comm.

e Same as configuration 2

e Same as configuration 2

Instr.

e Same as configuration 2

e Same as configuration 2

RCS

e Same as configuration 2

e Same as configuration 2

Propulsion

e Same as configuration 2

e Same as configuration 2

Crew
Provisions

e No change

Controls and

e Same as configuration 2

e Same as configuration 2

Displays
N&C e Same as configuration 2 e Same as configuration 2
S&C e No change e Same as configuration 2




TABLE 2,1-8
TRUCK

CONFIGURATION 1

Profile
e Apollo mission to lunar orbit coast
o Remote activation and checkout

e Automatic unmanned landing

Subsystem Modification

2-25

Test Requirements

Structure o Add support struct. to des struct.
e Provide rigid navigation base

e Verify struct integ. support
structure

e Verify rigidity of navigation platform
relation to RCS and descent engine

S&C e Delete abort guidance e Verify reconfigured subsystem
electronic integrity
G&N e Replace AOT with auto tracker e Des. dev. & qual auto tracker
assembly assembly

o Relocate subsys. components

e Add star catalog data to L.GC

e Verify electronic sys. integration

¢ Demonstirate programming changes

are compatible with LGC

Crew o Delete
Provisions
ECS ¢ Reconfigure heat transport loop e Verify subsys. integration and

e Relocate cold plates

performance

Ldg. Gr. e No change

Instr. o Reconfigure subsys.

o Delete some sensors, tape re-
corder, & one SCU

e Provide activation checkout Pro-
grammer

o Relocate subsystem components

e Verify suhsys configuration

@ Des., dev. & qual activation &
checkout programmer

EPS e Delete descent batteries

e Provide one ascent battery
e Reconfigure distr. sys.

e Modify electro pyro sys.

e Verify distribution system integ-
rity & performance

e Verify electro pyro sys. integrity

e Demonstrate battery performance
against worst case gower profile
and peak load condition
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TABLE 2,1-8 (cont)

Subsystem Modification Test Requirements
Propul e Provide vent for desc. tanks e Qualify vent valve
e Verify vent integration
RCS e Provide vent for tanks e Verify vent integration
e Relocate RCS lines and clusters, o Demornstrate verify subsystem
and provide one propellant pres- performance capability
surization system
Comm e Relocate S-band & VHF system e Verify subsys. electronic

® Relocate antennas

integration

e Verify antenna patterns

Controls and
Displays

o Delete

* Subsystems relocated from the ascent stage to the descent stage may require requalifica-
tion for the dynamic and ambient environment because of changes in support structure and
thermal environment of compartment.




3 SYSTEM DEVELOPMENT

3.1 INTRODUCTION

This section describes the system development tasks related to the eight conceptual con-

figurations analyzed.
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3.2 CONFIGURATION DESCRIPTION

The general description of each of the conceptual designs highlights the primary differences.
It is recognized that at lesser levels of assembly and fabrication additional significant

changes will occur. These differences will be delineated in subsequent phases of the study.

3.2.1 Lab Configuration 1

This configuration consists of the LEM ascent and descent structure with the large panoramic
cameras located on the sides of the ascent stage. The descent propulsion system is retained
for lunar orbit abort. The RCS and N & G subsystems and the landing gear are deleted. The
S & C subsystem are deleted with the exception of the DECA. All guidance and control func-
tions are performed by the GNCS aboard the CSM, including long term attitude reference |

sensors systems,

All sensors and SCU's associated with deleted subsystems are also removed and the experi-
ment data is integrated into the PCMTE for taping on a modified Gemini recorder and/or
transfer to the CM communications subsystems. The CM to LEM intercomm is the major
component of the LEM communication subsystem retained. The electrical power subsystem
batteries are replaced with fuel cell assemblies which for the purpose of this volume are
assumed to be CSM FCA's qualified for 1,000 hours and capable of in-flight start up. The
cryogenics tanks are Apollo-X configurations as designed and developed for the CSM. The
ECS system is a closed loop system for the FCA's and the heat transport section with
radiators and supplemental water boilers. The waste management section is deleted from
the crew provisions subsystem and additional LiOH canisters and GFE food are added. The
controls and displays associated with the deleted subsystems are removed. The EPS panel
is reconfigured for the new generation section, and the front and right side panels are modi-

fied to incorporate work areas for the experiments.

3.2.2 Lab Configuration 2

This configuration consists of the LEM ascent stage and a new low profile descent stage with
the two large panoramic cameras suspended from the lower deck of the descent stage. The
propulsion, RCS and N & G subsystems, and the landing gear are deleted. The S & C sub-
system is modified with the addition of a horizon scanner and modifications to the ASA and
AEA to provide the error signal to the CSM RCS for attitude control during the mapping mis-
sion, All sensors and SCU's associated with deleted subsystems are also removed and the
experiment data are integrated into the PCMTE for taping on a modified Gemini recorder

and/or transfer to the CM communications system. The CM/LEM intercomm is retained.




The EPS, ECS, Controls & Displays, and Crew Provisions subsystems are identical to

Configuration 1.

3.2.3 Shelter Configuration 1 - Consists of the LEM ascent and descent stages with the

capability for accomplishing an automatic unmanned landing added and ascent capability
deleted. Additional quantities of batteries, 02, food, LiOH, and water are provided for the
extension of the lunar stay duration. A VHF receiver is required to allow reception of TV
from the EVA, A CSM tape recorder is required for data management. Sleeping and
hygienic facilities, experiment work areas, vents for the RCS and propulsion tanks are
added.

3.2.4 Shelter Configuration 2 - Consists of the LEM ascent and descent stages with the

capability for accomplishing an automatic unmanned landing added and ascent capability
deleted. The extension of lunar stay and quiescent storage is accomplished by adding a
radiator with water boiler supplement to the ECS heat transport section, replacing the EPS
battery generation system with restartable CSM FCA's and providing Apollo-X type cryogenic
tanks for the reactants. All other modifications are similar to Configuration 1.

3.2,5 LEM Shelter Configuration 3 - Consists of the LEM ascent and descent stages with
the capability for accomplishing an automatic unmanned landing added and ascent capability

deleted. The extension of lunar stay and quiescent storage has been accomplished by adding
a radiator with waier suppiement to the ECS heat transport section, replacing the EPS battery
generation system with restartable Gemini FCA's and providing ambient reactant tanks.

All other modifications are similar to configuration 2.

3.2.6 Taxi Configuration 2 - Consists of the basic LEM spacecraft modified to allow

quiescent storage for up to 14 days (only 14-day day mission). The descent battery con-
figuration is modified to provide the flexibility of carrying four or seven descent stage size
batteries (the required quantity is dependent upon the day/night stay period). The following
modifications are required for both configurations: add additional micrometeoroid protection,
provide a thermal shield for the upper hatch, provide window shades, provide covers for the
RCS thruster quads, modify the ECS glycol loop to bypass the IMU and ASA and also change
the cooling sequence, change descent stage water tank structure and add insulation around
water tank, add switches and programmer for periodic status monitoring, change battery
supports and add insulation around batteries, add heater to descent stage water tank, delete

the scientific payload and some of the LiOH canisters, food, and backpack batteries.
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3.2.7 Taxi Configuration 5 - Consists of the basic LEM spacecraft modified to allow

quiescent storage for up to 14 days. The descent battery subassembly is decreased to three
batteries. In addition to the modifications described for Configuration 2, one or two RTG's
(dependent upon day or night mission) are integrated into the spacecraft EPS and ECS sub-
system to supplement the battery power supply during the quiescent period and to provide

thermal energy to the cabin through a heater system.

3.2.8 Truck Configuration 1

This configuration consists of the LEM descent stage structure, propulsion subsystem and
landing gear with additions from subsystems located in the ascent stage to permit an automatic
unmanned descent and landing on the lunar surface from lunar orbit. One section of the RCS
pressurization and propellant storage and the four quad clusters from the ascent stage are
relocated on the descent stage. Components of the S & C and N & G subsystem required for
descent are located in the descent stage. This includes an automatic star tracker with as-
sociated electronics, which replaces the alignment optical telescope. A single ascent stage
battery replaces the four batteries normally located in the descent stage, and an ECS heat
transport loop for active thermal control is included. Instrumentation and communication
components as required for activation, checkout, and status monitoring during descent are

located in the descent stage.
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3.3 AES DEVELOPMENT PROGRAM

For this analysis, the AES development program is separated into the following levels of
testing:

e Subsystems Development

¢ Combined Subsystems Development

e System Verification

e Experiment Payload Integration

AES Flight Missions

The first and last two items are presented in the charts largely for reference purposes and
to define constraints. Combined subsystems development and system verification are

examined in depth in the following paragraphs.
3.3.1 Discussion

The Ground Test Logic Charts define the development and verification test programs for

each of the configurations plus one for the Lab, Shelter, and Taxi combined. These charts
reflect the current Apollo Schedule 37, and a summary of the major test facilities required
appears on each chart. The tables at the end of this section present a detailed description
of the test articles and facilities, test objectives, and commonality with existing LEM test

articles and facilities.

3.3.2 Lunar Orbiting Laboratory

Both L. O. Lab configurations require complete electronic, thermal, and structural develop-
ment and verification test programs, because of the changes in the EPS, ECS, and the
structural support of equipment. The Ground Test Logic Charts, Fig. 3-2 and Fig. 3-3
show that the difference between the two configurations lies in the additional static tests
required to verify the Low Profile Descent Stage (LPDS) for launch and boost loading condi-
tions and to gain elastic deflection data for optical alignment requirements. Refer to the
Test Article descriptions in Tables 3. 3-1 and 3. 3-2 for further details. It is noted that
neither configuration requires Flight Control Integration (FCI) testing since they do not have
RCS or propulsion except for the Configuration 1 descent engine, which is controlled from
the CSM.
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3.3.3 Shelter

Configuration 1 requires a minimum of structural and electronic development testing with
the necessary modifications being verified by structural and electronic integration tests,
both performed on one test article, SLTA-1, as shown in Fig. 3-4. The 14-day active lunar
stay, however, requires thermal development testing with a modified TM-2 from LEM,

as well as verification thermal-vacuum tests at MSC.

The additional structural and electrical modifications for the ECS radiator and EPS fuel
cells of Configuration 2 are also verified with one test article, since commonality with the
Lab in these subsystems reduces the Shelter integration testing. However, the ECS and
EPS modifications of Configurations 2 and 3, and the extended lunar storage before activa-
tion requires extensive thermal development. Here, additional modification and thermal-
vacuum testing of the TM-2 from the LEM is shown in Fig. 3-5, and 3-6, and apower generation
thermal test program is added. The ECS and EPS thermal development test results are
verified at MSC as for Configuration 1. Flight control integration programs are required
for both configurations for the automatic unmanned landing verification. Refer to Tables
3.3-3,3.3-4 and 3.3-5a for further details.

3.3.4 Taxi

The similarity in configuration and mission of the Taxi and the LEM permits a minimum of
system level testing. Structural development and verification testing are performed on a
structural element for both configurations. Thermal development tests of either the battery
or the RTG configurations are conducted with minor modifications to the LEM TM-2 and
verified by thermal-vacuum tests of a modified LEM LTA-8 at MSC as shown in Figs. 3-7
and 3-8. Electronic integration for either configuration is verified at MSC only using the
modified LTA-8 and ACE, prior to thermal-vacuum tests. Tables 3.3-6 and 3.3-7 provide
additional details. It is noted that flight control integration tests are performed for both

configurations for the beacon landing system using rendezvous radar.

3.3-5 Truck

The Truck requires complete structural, electronic, and thermal development and verifica-

tion testing programs as described in Fig. 3-9 and in Table 3. 3-8.

3.3.6 Combined AES L.O., Lab, Shelter and Taxi

Fig. 3-1 presents the combined test programs for the Lab, Shelter, and Taxi. The pro-
gressive modification of common test articles and facilities is shown for overall comparison

of the test programs for the selected configurations.
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4 PRELAUNCH OPERATIONS

4.1 PRELAUNCH OPERATIONS SCHEDULING

The Prelaunch Operations Planning for lunar mission AES-LEM configurations is based on
the NASA launch schedule of 12 February 1965, AE 65-1(C). In summary, the prelaunch
operations, from arrival at ETR through launch, require a period of from just short of 4
months to approximately 5 1/2 months, depending upon configuration. A composite picture
of the prelaunch checkout activity scheduling for the lunar missions is shown in Fig. 4-1.
The supporting information for each configuration's checkout operations is included within
this section.

For reference purposes, the prelaunch activities for the initial LEM missions are indicated.
The AES earth-orbital mission launch dates are also presented in Figure 4. 1 for reference
purposes. A maximum of four lunar missions per year is indicated in 1970 and 1971 which in
conjunction with the earth orbital missions reflect an 8-mission per year total AES launch

operation requirement,

4.2 PRELAUNCH CHECKOUT

Preliminary ETR checkout flows for the AES LEM Laboratory, Shelter, Taxi and Truck are

presented. The functional subsystem configuration for each of the configurations investi-
gated during Phase A are presented in Table 4-1.

The checkout flows summarized in Table 4-2 utilizes the current LEM ground operations
requirements, () in conjunction with each AES-LEM configurations unique subsystem and
experimental payload complement. In the cases of the two LEM Lab, and two Shelter con-
figurations, where electrical power is derived from fuel cells rather than batteries , avail-
able prelaunch checkout planning information ®) from the original LEM configuration {with
fuel cells) was used as a basis.

(a) GAEC Report LPL 610-3C -
Plan, dated June 1965.

(b) GAEC Report LPL 610-3B - Lunar Excursion
Operations), dated January 1965,

Lunar Excursion Module Ground Operations Requirements

Module Prelaunch Checkout Plan (Test and
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LABORATORY
SUBSYSTEM Config. 1 Config. 2
Structure Full A/S, Full D/S Full A/S, L.P.
Stabilization & Control Delete Partial
Navigation & Guidance Delete Delete

Crew Provisions

Partial (No Waste
Management)

Partial (No Wast
Management)

Environmental

Reconfigure Use

Reconfigure Use

Control Heat Transport Heat Transport
Loop, Add 02 Loop, Add 02
Storage Storage
Landing Gear Delete Delete

Instrumentation

Partial (Reduction
in Sensors)

Partial (Reducti
in Sensors)

Electrical Power

Fuel Cells, Cryo
Storage of Reactants

Fuel Cells, Cry
Storage of Reac

Ascent Propulsion Nelete Delete
Descent Propulsion Complete Delete
RCS Delete Delete

Communications

Intercom Only

Intercom Only

Controls & Displays

Add Experiment
Displays

Add Experiment
Displays

|
H B EE S EEEEEEEEEEEEE®ERB




TABLE 4-1

LEM UTILIZATION STUDY PHASE A CONFIGURATION SUMMA

SHELTER
Config. 1 Config. 2 Config. 3
)/S A/S, D/S A/S, D/S (Plus) A/S, D/S (Plus)
Delete Abort Delete Abort Delete Abort
Section Section Section
Add Star Tracker Add Star Tracker Add Star Tracker
& LMP & LMP & LMP
2 Complete (With Complete (With Complete (With
Additions) Additions) Additions)
Complete (Add Complete (Add Complete (Add
GOX & Water) Radiator and Radiator and
Integrate CSM Integrate Gemini
Fuel Cell HZO Fuel Cell HyO
mgmt, ) mgmt.)
Complete Complete Complete
n Complete Complete Complete
) Batteries Fuel Cells, Fuel Cells,
ants Cryo Storage Ambient Storage
of Reactants of Reactants
Delete Delete Delete
Complete Complete Complete
Partial Complete Complete

Complete with
EVA TV Re-
ceiver Added

Complete with
EVA TV Re-
ceiver Added

Complete with
EVA TV Re-
ceiver Added

Add Experiment
Displays

Add Experiment
Displays

Add Experiment
Displays




TRUCK
Config. 2 Config. 5 Config. 1
A/S, D/S A/S, D/S (Plus) Delete A/S; D/S
Complete Complete Delete Abort
Section
Complete Complete Add Star Tracker
& LMP
Complete Complete Delete
Complete Complete (With Partial
Additions) Same Components
New Piping
Complete Complete Complete
Complete (Less Complete (Less Partial (Less
Scientific Scientific Scientific
Payload) Payload) Payload)
Batteries (3-7) Batteries & Batteries
RTG
Complete Complete None
Complete Complete Complete
Complete Complete Partial (Relocate
on D/S)
Complete (With Complete (With Partial (With
Additions Additions) Modifications)
Complete Complete Delete

Table 4-1
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4.3 GUIDELINES
The following list of general guidelines were utilized during the course‘ of the LEM Utiliza-
tion Study - prelaunch checkout planning.

e The current or basic LEM ETR flow time span equivalent to 90 working days
(nominal).

e Preliminary CSM and booster flow requirements:
(a) CSM - Mating with AES-LEM 34 working days prior to launch.

(b) Booster - Integrated spacecraft - booster activities demand a total of
29 working days.

e For preliminary planning purposes, no distinction is made between Saturn V VAB-
PAD activities (Complex 39) and Saturn IB (Complex 37B) activities.

o Detailed experiment payload checkout will be performed on the Lab configurations.
Minimal experiment payload is expected on the Taxi configurations. For the Truck
configuration, the payload is assumed to be independent.
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4.4 VEHICLE TIME FLOWS

The following table summarizes the respective KSC prelaunch checkout time spans. As
indicated in the table, the differences between vehicle checkout total times is small. The
largest increments over the nominal 90 day prelaunch checkout for the current LEM are in
the optimized LEM Lab configuration and is attributable to the combination of: addition of

fuel cell EPS in lieu of a battery EPS and additional of experiment payloads.

Total Working Days*

Vehicle Configuration
AES Vehicle
Minimal Change Mission
From LEM Optimized

Laboratory 95 99
Shelter 88 108
Taxi 89 92
Truck - 79

*The working days are currently defined as a five day week with a two-shift operation.
The weekend and the third shift are to be utilized for contingencies.

An indication of the KSC facility utilization for each AES-LEM spacecraft is presented in

the following table:

Laboratory Shelter Taxi Truck
1 2 1 2&3 2 5 1
*ASC DES | *ASC DES| *ASC DES| *ASC DES [*ASC DES *ASC DES| *ASC DES

HTB ° ° ° ° ) ° ° ° ° ° °
MSOB ° ° °® ° ° ° ) ) ° ° ° ® ° °
FCSTF ° e °
RFSTF ° ° ° ° ) ® ) ° ° ° ° °
Launch
Complex | o ] ° ° [ ° [

*Ascent also includes the mated configuration.
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4,4.,1 LEM Lab - Configuration 1

The prelaunch checkout period of 95 working days for this Lab configuration is character-

ized by the following features:

1.
2.

4,

A basic experiment checkout period (13 days).
A fuel cell system checkout period (20 days).

Omission of the LEM ascent engine checkout requirements
(by deleting the ascent propulsion subsystem).

Deletion of landing gear and attendant requirements.

The experiment payload is assumed to be primarily located in the ascent stage.

4.4.2 LEM Lab - Configuration 2

The prelaunch checkout period of 99 working days for this Lab configuration is character-

ized by the following features:

Deletion of all propulsion and reaction control subsystems.
A basic experiment checkout period (17 days).

A fuel cell system checkout period (20 days).

Deletion of landing gear and attendant requirements.

The experiment payload is assumed to be primarily suspended from the low profile descent

stage.

4.4.3 LEM Shelter - Configuration 1

The prelaunch checkout period of 88 working days for this Shelter configuration is char-

acterized by the following features:

1.

Ascent stage RCS testing rather than RCS plus ascent engine tests, since
the LEM ascent propulsion subsystem is deleted.

A nominal five-day period for experiment checkout of the experimental
payload located in the ascent stage and three days for descent stage
experiment payload.

Implementation for an unmanned landing.
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4.4.4 LEM Shelter - Configuration 2

The prelaunch checkout of 108 working days for this Shelter configuration is characterized

by the three features listed under Shelter Configuration 1 and the following:

1. A fuel cell system checkout period (20 days).

4,4.5 LEM Shelter - Configuration 3

This configuration is similar to configuration 2; however, Gemini fuel cells are used instead
of CSM fuel cells.

4,4.6 LEM Taxi - Configuration 2

The prelaunch checkout period of 89 working days for this Taxi configuration is character-
ized by close similarity to the basic LEM vehicle. The electrical power generation is pro-
vided by a group of batteries varying in number from 4 to 7 depending on whether the Taxi

mission is for lunar day or lunar night.

4.4.7 LEM Taxi - Configuration 5

The prelaunch checkout of 92 days for this Taxi configuration is similar to the TaxiCon-
figuration 2, in that it too bears a close similarity to the basic LEM. However, this con-
figuration embodies additions in the basic Structure, Environmental Control Subsystem and
Electrical Power Subsystem. The principal addition to checkout requirements is for the

Radioisotope Thermal Generator.

4,4,8 LEM Truck

The Truck configuration prelaunch checkout of 79 working days is characterized by a single
stage configuration. The vehicle is essentially a modified LEM descent stage. Many of
the LEM ascent stage functional checkouts will be performed on the vehicle (or descent

stage). The major features which the Truck embodies are:

LEM RCS relocated on the descent stage.

. Modified electrical subsystems relocated on the Truck, notably SCS and NGS.
Utilization of LEM ECS components, with piping modified.

. Implementation for an unmanned landing.

W b =
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4.5 FUTURE STUDY

The need for additional study exists in several areas of prelaunch checkout development.
Essentially these needs are for refining the preliminary work, specifically, the three

major efforts which should be undertaken are:
e Detail the prelaunch checkout procedures for each unique AES LEM configuration.
e Define interfaces with experiments, booster and CSM in more detail.
e Determine the impact on KSC facilities, new facility activation and scheduling for
an integrated AES-LEM program. Closely associated with the facilities study are

the related KSC GSE requirements for the prelaunch checkout of each unique
vehicle.
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5. SUPPORT

5.1 INTRODUCTION

The objective of the support effort during this study was to determine, in gross terms, the
extent of unique support hardware and software requirements for the representative LEM
AES configurations. Those support requirements which are common to the existing LEM
program were examined for compatibility but not for adequacy and availability.

5.2 ASSUMPTIONS

The following assumptions were established for this study effort, and will be updated and

modified as needed throughout subsequent phases of the program:

e For all experiments, the GSE, astronaut training and experiment simulators will be
the responsibility of the experimenter.

e All LEM support equipment, applicable to the AES will be available and no conflict
in schedule with LEM exists.

e The Launch Complex will be the same as that for LEM.

o Modifications to LEM GSE will not interfere with the LEM program.
e ACE-S/C will be the prime item of electronic checkout equipment.
e ACE-S/C will not be used to checkout the experiments.

o Four sets of GSE will be required for the program, (2 sets at Grumman, 1 set KSC,
1 set MSC).

e Only the requirements for unique items of support equipment were considered.
e The impact on programming ACE-S/C was not considered.

o The fuel cells will be the same as those used on the CSM or Gemini.



5.3 SUPPORT REQUIREMENTS

The gross support requirements for the representative configurations are summarized in
Tables 5.3-1 through 5.3-4.

5.3.1 Lab Gross Support Requirements

The major impact on support for the Lab is brought about by the addition of fuel cells, a
new electrical power distribution system, increased oxygen storage requirements and

modifications to the LEM structure and ECS heat transfer loop in both configurations.
5.3.1.1 Ground Support Equipment

Test equipment for EPS will be required at Grumman for acceptance, integration and
maintenance of the fuel cells and the inverter. Use of the CSM type fuel cell and inverter
may permit the use of modified CSM support equipment at AMR and common usage support
equipment at Grumman. The use of fuel cells will require cryogenic storage and distri-
bution of oxygen and hydrogen. This requires a considerable quantity of cryogenic handling,
checkout and servicing equipment. Since Grumman had originally intended to use fuel cells
on LEM, a significant portion of the necessary equipment has been investigated. For
example, the cryogenic transfer system has been designed and there is a working bread-
board of the fuel cell startup equipment. These equipments will be further examined to
determine their applicability to the Lunar Orbiting Lab.

An Electronic Systems Integration (ESI) Test will be required for each configuration due
to changes in the wiring. Most of the support equipment and some unique assemblies can
be used interchangeably for all configurations. Assuming the use of ACE S/C for ESI
testing of new programs, new peripheral equipment, adapters and breakout boxes will be
required. In addition, the interface to experiment equipment, and to CSM subsystems,

including GNCS and Communications will have to be simulated.

Much of the existing LEM support equipment for the ECS can be utilized. The following
items fall into this category:




e Water servicing manifold

e water separation discharge accumulator

e water management section servicing vacuum pump
e Cabin Leak Test Unit

e Helium-Hydrogen Leak Detector
In addition certain major items of equipment require only minor modification:

e Gaseous oxygen component test stand
e Water glycol component test stand

e Water component test stand

e Water glycol trim control unit.

e Water transfer unit

e Freon supply cart.

e Freon bottle rack manifold

e Gaseous oxygen transfer unit

New support equipment will be required for the development, acceptance and qualification

testing of radiators, and for verification of the cooling loops. Changes in the vehicle
configuration and alignment requirements of the mapping mission will require additional
mechanical GSE and in certain cases modifications to existing LEM GSE. Modifications

to the following equipment will probably be required:

° Moment of inertia stand
® Turn-over fixture
® Cleaning fixture

e Internal servicing platforms (NAA design)

5.3.2 Shelter Gross Support Requirements

A major portion of the existing LEM support equipment can be used intact, or modified to
support the Shelter development and site requirements. Additional support equipment will

be necessary for the automatic tracker assembly, activation sequencer, fuel cells, and
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cryogenic units. Although many of the LEM spare parts can be utilized, some additional

items are required in support of the new or modified subsystems. Additional publications,

training, support requirements are significant for the Shelter configurations analyzed.

5.3.2.1 Ground Support Equipment

It is anticipated that the proposed modifications will generate the following major support

requirements. :

A)

B)

C)

D)

E)

Modification of existing test equipment associated with each of the following subsystems
to support integrity and performance tests of each reconfigured subsystem:

e Guidance and Navigation

e Environmental Control

e Electrical Power

e Reaction Control

) Instrumentation

e Communication

e Stabilization and Control

Checkout, qualification test, bench maintenance and carry-on equipment for support
of the automatic tracker assembly, the activation sequencer and the fuel cell assembly
and cryogenics unit. It should be noted that the checkout equipment for the auto-
tracker assembly will be similar to the OAO star-tracker support equipment which

consists of a unit that produces all necessary input signals, has the ability of

deciphering all signals and is used in conjunction with a star simulator unit.

New test rigs including wiring harnesses are required to support the electronic

system integration tests for the two Shelter configuration.

Assuming the use of ACE S/C for the ESI testing new programs, new peripheral

equipment, adapters and breakout boxes will be required.

New Internal Servicing Platform (NAA design).




. 5.3.3 Taxi Gross Support Requirements

Taxi configurations are similar to the LEM. Because of this, the GSE designed for, and
utilized on the LEM, will to a large extent be suitable for the LEM Taxi. Modifications
will be required to the carry-on, and bench maintenance equipment in the areas of com-

munications, instrumentations, and electrical power subsystems.
9.3.3.1 Ground Support Equipment

Support equipment for mechanical, electrical, and thermal testing of the thermal shields
for the top hatch and RCS thrusters and the window shades will be required during develop-
ment, acceptance, and integration with the Taxi. Special testing and handling rigs will be
needed for mechanical and electrical development. Handling equipment for thermal vacuum

chamber tests will also be required.

An additional large impact on support stems from the incorporation of an RTG (radio-isotope
thermal generator) unit in configuration five. This RTG will be similar to the RTG that will
be incorporated with a scientific package on the LEM. Special Support equipment for
transportation, handling, and installation will be required at installation facilities and at
sites.

Incorporated with the RTG will be a heat pipe which will require support equipment for
development, handling and spares.

5.3.4 Truck Gross Support Requirements

A major portion of the existing LEM support equipment can be used intact, or modified to
support the Truck development and site requirements. Additional support equipment is

required for the modified and reconfigured subsystems.
9.3.4.1 Ground Support Equipment

It is anticipated that the proposed design will generate the following major support require-
ments:

® New equipment for support of Truck, vibration and moment of inertia test.

e Weight and Balance Fixture

® Adapter Fixture



Modification of existing test equipment associated with each of the following subsystems to

support integrity and performance tests of each modified and reconfigured subsystem.

Guidance and Navigation
Environmental Control
Electrical Power System.
Reaction Control System
Instrumentation
Communication

Stabilization and Control

Checkout, qualification test, bench maintenance and carry on equipment for support of the

automatic tracker assembly and the activation sequencer. It would be noted that the

checkout equipment for the automatic tracker assembly will be similar in nature to the OAO

star tracker support equipment. This equipment consists of a unit that produces all neces-

sary input signals, has the ability of deciphering all output signals and is used in conjunction

with a star simulator unit.

New test rig is required to support the Truck electronic system integration
tests.

New antenna alignment equipment is required relative to tests verifying antenna
patterns.

New descent stage handling and hoisting equipment is required including a new
hoisting fixture.

New cleaning and turnover fixture.

New internal servicing platform.
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6. MANUFACTURING PLAN

6.1 INTRODUCTION

Preliminary task definitions, manufacturing schedules and fabrication costs for each AES
configuration were developed during the phase ""A" study. The cost and schedule analysis
was based on the following assumptions:

e Maximum utilization of LEM technology, hardware, tooling, equipment, and
facilities without interfering with or affecting the LEM program schedule or costs.

e All vehicles will be production line modifications.

e LEM hardware components will be retained in their original locations whenever
possible.

e Additional penetrations of the ascent stage pressure shell will be permitted only
when demanded by experiments,

e Design effort will standardize locations of experiments, electrical power supply,
and additional environmental control system components,

® The "Drape' method of installation of the thermal and micrometeoroid shielding will
be employed, although the thickness is anticipated to be double that of the present
LEM,
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6.2 DESIGN AND DEVELOPMENT

To support the design and development phase of the AES Program the following test articles
will require modifications to existing LEM hardware or fabrication of new items. The
tabulation below is predicted on the basis that only one of the configurations is under
development. For the complete AES Program a qualitative summation of test articles is

required as shown in section 3,0,

TAXI

e Thermal Test Model LEM TM-2 modified to the Taxi configuration maintaining

cabin structural and leakage integrity. Systems other than ECS are thermally
simulated.

o Structural Test Element Full scale structural element representing the battery
installation,

e ESI-T Full scale ascent/descent metal skeleton,
e TLTA-1 LEM LTA-8 modified to structurally and thermally represent the Taxi,

SHELTER

® Mock-up Full scale wood and metal ascent and descent stages with landing gear
and subsystem representations,

e Thermaul Test Model TM-2 modified from Taxi to Shelter configuration, systems
other than ECS are thermally simulated.

e ESI-S Full scale ascent/descent metal skeleton,

‘e SLTA-1 Complete ascent/descent stages with landing gear structurally and
thermally representative of the Shelter, leakage integrity must be maintained.

LAB

e Mock-up Full scale wood and metal ascent and descent stage* with landing gear
and subsystems representations,

e Thermal Test Model Full scale ascent and descent* stages with a CSM thermal

simulator. Cabin shall maintain leakage integrity. Systems other than ECS are
thermally simulated,

e Power Generation Simulator Thermal model of structure supporting and surrounding
fuel cell power generation system, ECS, EPS and instrumentation as required for
operation and temperature control,

*A low profile descent stage will replace the 68" descent stage on Configuration 2 Lab Models.
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e ESI-L Full scale metal skeleton of ascent/descent*stage,

e LLTA-1 Complete ascent/descent* structure representation. No pressurization
leakage, structural, or thermal requirements,

e LLTA-2 Complete ascent/descent* stages structurally and thermally representative

of the lab configuration, Cabin leakage integrity must be maintained. Subsystems
will be structurally and thermally representative of qualified equipment,

TRUCK

e Mock-up Full scale wood and metal descent stage containing representative sub-
systems and payload interface platform,

e RCS Firing Rig Full scale metal skeleton without landing gear. Complete reaction
control system,

e Structural Test Model Full scale descent stage with landing gear. Subsystems will
be mass represented,

e Thermal Test Model Full scale thermal model without landing gear.
e ESI-TR Full scale metal skeleton of Truck without landing gear.

e TTA-1 Complete Truck without landing gear. No structural or thermal require-
ments, Subsystems will be functionally operable prototypes.

e TTA-2 Complete Truck structure representative of thermal and structural integrity.
Subsystems will be functionally operable prototypes.

*A low profile descent stage will replace the 68'" descent stage on Configuration 2 Lab Models,
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6.3 TOOLING

A basic guideline of the study assumes that all LEM tooling and facilities will be available,

on a non-interference basis, to the AES Program,

The following tooling is required due to configuration change only; no rate tooling is

required:

NOTE: *Indicates the tooling required for two or more
vehicle configurations.

TAXI (configuration 5)

* e Detail and assembly tooling for RTG support structure in descent stage.

* o Detail and assembly tooling for heating panel support structure in ascent stage.

LAB (configuration 1)

* e Detail and assembly tooling for fuel cell support structure.

* e Installation tooling for viewfinder.

* e Fabrication and assembly tooling for modified ascent engine cover,

* e Detail, assembly and installation tooling for FCA equipment radiators,

e Installation fixture for panoramic cameras.
* e Detail tooling for support trusses replacing ascent propulsion tanks,

LAB (configuration 2)

e Adapter to present LEM descent stage fixture for sub and final assembly of low
profile descent stage.

* e Installation tooling for viewfinder,
* e FIabrication and assembly tooling for fuel cell support structure.
* e Detail, assembly and installation tooling for FCA equipment radiators.

e Installation fixture for panoramic cameras.
* e Fabrication and assembly tooling for modified ascent engine cover,

* e Detail tooling for support trusses replacing ascent propulsion tanks,
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SHELTER (configuration 1)

*

*

Installation tooling for sleeping and hygienic facilities.

Fabrication and assembly tooling for modified ascent engine cover,

Detail tooling for support trusses replacing ascent propulsion tanks.

Detail, assembly and installation tooling for docking hatch cover.

Detail, assembly and installation tooling for GOX tankage support structure,

Detail and assembly tooling for additional batteries in descent stage.

SHELTER (configuration 2)

*

*

Installation tooling for sleeping and hygienic facilities.
Fabrication and assembly tooling for RTG support structure in descent stage,

Fabrication and assembly tooling for heating panel support structure in ascent
stage. ’

Fabrication and assembly tooling for modified ascent engine cover.,
Detail tooling for support trusses replacing one ascent propulsion tank,
Detail, assembly and installation tooling for docking hatch cover.

Fabrication and assembly tooling for fuel cell support structure.

SHELTER (configuration 3)

*

*

Installation tooling for sleeping and hygienic facilities.
Fabrication and assembly tooling for RTG support structure in descent stage.

Fabrication and assembly tooling for heating panel support structure in ascent
stage.

Fabrication and assembly tooling for modified ascent engine cover.
Detail tooling for support trusses replacing one ascent propulsion tank.
Detail, assembly and installation tooling for cocking hatch cover.
Fabrication and assembly tooling for fuel cell support structure.

Detail, assembly, and installation tooling for FCA equipment radiators.



Detail and installation tooling for RCS tankage module.

Final assembly fixture for addition of RCS, ECS, etc.
Detail, assembly and installation tooling for navigation base.
Alignment fixture for alignment of IMU, startracker, etc.

Detail tooling for subsystem support structure.
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6.4 PRODUCTION

Configuration changes will be scheduled for implementation during the fabrication and final

assembly operations. The sequence of structural fabrication and assembly for all vehicle

configurations is similar to that of the LEM, The major deviations from the basic LEM

that affect the manufacturing effort are:

TAXI (configuration 2)

Modification of the coolant to bypass the IMU and ASA,
Additional battery installations,

Fabrication and installation of upper hatch cover.
Additional insulation around batteries and water tank.

Change water tank support structure.

TAXI (configuration 5)

Modification of the coolant loop to bypass the IMU and ASA,
Fabrication and installation of upper hatch cover.
Additional insulation around batteries and water tank,
Change water tank support structure.

Install RTG system including heating panel in ascent stage.

LAB (configuration 1)

Ascent propulsion system deleted.

Guidance and navigation system deleted.

Stabilization and control system (DECA excepted) deleted.

Two fuel cell assemblies and three cryogenic supply tanks replace batteries.
Addition of ECS equipment radiator system.,

Installation of two large panoramic cameras and associated experiment packages.



6-8

LAB (configuration 2)

Ascent and descent propulsion systems deleted.

Reaction control system deleted.

Guidance and navigation system deleted.

Stabilization and control system partially deleted.

Fabrication and assembly of low profile descent stage.

Two fuel cell assemblies and three cryogenic supply tanks replace batteries.
Addition of ECS equipment radiator system,

Suspension of two large panoramic cameras from the low profile descent stage
and associated experiment packages.

SHELTER (configuration 1)

Ascent propulsion system deleted.

Additional battery, oxygen tankage and water tankage installations,
Installation of sleeping, hygienic and work area facilities.
Fabrication and installation of upper hatch cover.

Installation of automatic unmanned landing system.,

SHELTER (configuration 2)

Ascent propulsion system deleted.

Installation of fuel cell assembly and cryogenic supply tankage.

Installation of sleeping, hygienic and work area facilities.

Fabrication and installation of upper hatch cover.

Installation of RTG system in descent stage and heating panel in ascent stage.
Installation of automatic unmanned landing system,

Installation of equipment radiators.

SHELTER (configuration 3)

e Same as above.

e Installation of fuel cell assembly and ambient reactant tankage.




T -

.

6-9

Entire ascent stage structure deleted.

Installation of reaction control system.

Installation of environmental control system (life support deleted)
Installation of coolant evaporator.

Installation of navigation base, IMU and startracker.

Installation of automatic unmanned landing system.

6.5 FINAL ASSEMBLY AND ACCEPTANCE TESTING

Final assembly and acceptance testing of all vehicle configurations will be accomplished

utilizing the existing LEM facilities. The sequence of installation of required systems will

be identical for all vehicles,

Figures 6-1 thru 6-8 illustrate the final assembly flow of the major structural

components and/or systems required for each configuration,

The typical final assembly and acceptance test sequence of operations is as follows:

ASCENT STAGE

Rotate and clean structure.

Install required subsystems (EPS, ECS, RCS, Propulsion), associated plumbing,
electrical harnesses, leak check plumbing and conduct DITMCO checkout,

Cold flow ECS, RCS and Propulsion subsystems and as applicable EPS subsystem.
Rotate and clean vehicle.

Install antennas, associated ""black boxes' and experiment packages.

Conduct ascent stage verification tests of systems.

Mate with descent stage and vibrate. Demate following vibration tests.

Conduct cabin leak test,

Conduct Design Engineering Inspection (DEI),

Install thermal and micrometeoroid shielding,

Weigh and determine center of gravity.
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DESCENT STAGE

Rotate and clean structure.

Install required subsystems (propulsion, ECS) associated plumbing and electrical
harnesses. Leak check plumbing and perform DITMCO checkout,

Cold flow ECS and propulsion systems.

Rotate and clean vehicle.

Install G&N antenna, associated '"black boxes'" and experiment packages.
Mate with ascent stage and vibrate Demate following vibration,

Conduct Design Engineering Inspection (DEI).

Install thermal and micrometeoroid shielding.

JOINED ASCENT AND DESCENT STAGES

Weigh and determine center of gravity.
Align required systems and/or experiments,
Conduct Formal Engineering Acceptance Tests (FEAT).

Pack and ship to launch site,
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6.6 SCHEDULES

Preliminary schedules for AES configurations have been developed based on available LEM
planning, The structural assembly schedule for the ascent and descent stages will be
essentially the same as the LEM schedule since the basic AES structural arrangement is
unchanged. The final assembly/checkout sequence for the Shelter and Taxi are equivalent
to the LEM since the modifications are not pacing items. As shown in Fig. 6-9 the

time in station is based on the checkout procedures involved such as, rotate/clean and

cold flow, rather than system complexity. Subsystem and equipment installation for the
Shelter and Taxi are considered trade-offs for this preliminary plan since detailed infor-
mation on subsystem modification is not available at this time. The LEM Lab configurations
(Fig. 6,-10) are expected to require 5-6 weeks less than the basic LEM since reduced sub-
system requirements (engines, propulsion, etc.) are not balanced by the additional time
required for experiment integration., The Truck assembly sequence Fig. 6-11) indicates.
a considerable decrease over a basic LEM due to the elimination of the ascent stage but,
the LEM Truck requires 12-1/2 weeks more than a LEM descent stage because of the
additional subsystem installations and associated checkout procedures,

6.7 MANUFACTURING FACILITIES

The AES program can be accomplished without major tooling, equipment, facility or floor
space additions over those planned or available for the LEM program. Assuming a non-
interference schedule, the AES program does not require more than eight vehicles in
process at one time and this is within the planned LEM manufacturing capability. Subsystem
changes and experiment integration requirements will require additional tooling, checkout
equipment and ground support equipment but these are expected to be minor compared to
planned in-house manufacturing faciliiies,
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Fig. 6-9 Fabrication & Assembly Schedule -
Shelter and Taxi
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